Ethanol affects sexual behavior drastically, as much as its execution as well as its motivation. Ethanol is a central nervous system depressant and the prefrontal cortex (PFC) is one of the cortical areas most sensitive to its effects. This prefrontal area participates in the modulation of the cognitive control, and furthermore, by mean of connections with the parietal cortex (PC) plays an important role in the processing of sexually relevant stimuli. Considering that it has been reported that the ethanol affects the proper functioning of these cortical areas, particularly decreasing the degree of electroencephalographic (EEG) coupling or correlation between them, the aim of this study was to characterize the effect of a low dose of ethanol on EEG correlation, as well determining if this effect is associated with impaired sexual behavior in male rats. Nine male rats unilaterally implanted were simultaneously recorded the EEG from the PFC and PC to calculate the degree of EEG synchronization (correlation, r) between both cortices during the first 40 minutes post administration of 0.75 g/kg of ethanol. At the end of the EEG recording, the males were submitted to copulatory behavior with a receptive female rat. The ethanol administration was associated with a decreased intrahemispheric correlation of the fast bands between PFC and PC, as well as with an increased mount and intromission latency. This data showed that ethanol in moderate doses decreased the coupling degree between cortices. It is likely that this functional disconnection between the PFC and PC after the ethanol administration could be associated with the difficulty in discriminating incentive value of the sexual stimuli so that decreased the sexual motivation but not the performance of the copulatory parameters in the male rat.
Introduction
Sexual behavior is a motivated behavior typical of all the species, in which individuals display a range of behavior patterns in order to attract a potential sexual match and have sexual interaction [1] .
This behavior is affected by the intake of different substances, most particularly by ethanol, which can significantly alter the performance of the copulatory acts as well as the structure and function of the cerebral areas, causing functional changes in both cortical and subcortical areas depending on the dose, route of administration and age of subjects, among others [2] .
The effect of ethanol on the nervous system and its speed of action is due in part to its water solubility resulting in rapid absorption into the blood (between 30 -40 minutes after) and widely distributed throughout the brain [3] . The changes occurring in regions such as the hippocampus or in the neocortex are particularly important because they are structures involved in modulating motivated behaviors, such as sexual behavior [4, 5] as M. A. GUEVARA ET AL.
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well as processes such as attention, memory and executive processes, which are affected by ethanol [6] . In fact, a high percentage of alcoholics demonstrates significant sexual [7, 8] and neuropsychological dysfunctions [9, 10] and some results with EEG recording have shown that ethanol induces important changes in the functionality of the PFC and Parietal Cortex during sexual arousal [11] and cognitive tasks [12] . In rats similar alterations occur, so that after the ethanol administration (1 g/kg) increased, rodent sexual motivation but impaired specific parameters of sexual performance has been reported [13] ; moreover, increases in the activity of dopaminergic neurons of the ventral tegmental area (VTA) that result in an increase in the levels of dopamine primarily in the shell of the nucleus accumbens (Acc) [14, 15] in a dose-dependent manner [16] [17] [18] [19] [20] [21] have also been demonstrated. Similarly, EEG studies have shown that ethanol affects the brain activity immediately after the acute administration of a low dose, inducing a decreased theta and increased beta EEG activity in both, VTA and Acc in adult male rats [22, 23] .
The recording of the EEG from cortical and subcortical structures has constituted a useful tool to relate changes in brain electrical activity with the performance of various behavioral responses [24, 25] . The EEG, defined as a mixture of rhythmic sinusoidal-like fluctuations in voltage generated by the brain, represents the global activity of the pyramidal cells of the cortex and the activity of neurons in the subcortical structures. Thus, the quantitative analysis of EEGs has allowed researchers to investigate the simultaneous functioning of several brain structures in a precise temporal relationship with specific physiological states, behaviors and sensorial processing. One advantage of the EEG recording is that it allows the obtaining of an index of the functional coupling between two different brain sites, so that by means of the calculation of the correlation parameter it is easy to know the degree of similarity between EEG activity from two brain sites [26] .
Considering that the PFC and its connections with the PC play an important role in modulating motivated behaviors, such as sexual behavior [4, 5] and that this cortical areas are highly sensitive to the ethanol effects, it is most likely that ethanol changes degree of synchronization between the prefrontal and parietal cortices. Thus, the aim of this study was to characterize the acute effect of a low dose of ethanol on prefronto-parietal EEG correlation as well as on the copulatory parameters of male rats.
Material and Methods
Subjects
Wistar male rats, 80 -90 days old, were obtained from a colony bred in the Institute of Neurosciences, University of Guadalajara. All males were maintained in a room at 22˚C -23˚C, under a 12:12 h reversed light/dark cycle (lights on from 2000 to 0800 h) and housed in individual cages. Food and water were available ad libitum. Temperature, feeding, and light-dark cycle conditions were maintained constant in the course of the study. Animal care as well as all procedures involving animals was approved by our Institutional Animal Care and Use Committee, which is in accordance with the NIH specifications.
Surgery
For surgery, a total of 15 male rats were anaesthetized with sodium pentobarbital (35 mg/kg i.p.). Stainless steel electrodes (0.2 mm in diameter) were unilaterally implanted in the left hemisphere specifically into the prelimbic region of the PFC (3.2 mm anterior to bregma, 0.6 mm lateral to the midline, and 3.2 mm below the dura matter) and into the PC [−4.16 mm posterior to Bregma, and 4.5 mm lateral to the midline, and 1.6 mm below the dura matter], according to the stereotaxic atlas of Paxinos and Watson [27] . Two stainless screws were placed in the anterior and posterior parts of the skull and served as "reference" and "ground" electrodes, respectively. All electrodes were attached to a miniature connector that was fixed on the skull by means of stainless-steel hooks and acrylic cement. Adequate care was taken to minimize pain or discomfort of the animals throughout the experiment. After the surgery, all the subjects were housed in individual cages with food and water ad libitum.
EEG Tests
Seven days after electrode implantation, and 3 or 4 days before the EEG tests, all males were allowed to adapt to the recording room (at 22˚C -23˚C and illuminated with dim red light) and to the connection cable for 30 min. The EEG recording was performed during the dark phase of the light-dark cycle. The day of EEG recording, was administered intraperitoneally (i.p.) a dose of 0.75 g/kg of ethanol (99.8) or saline, both treatments were administered to each rat in a counterbalanced manner within a period of four days between each other. Immediately after the i.p administration of the ethanol or saline, the males were placed in the recording cage (clear Plexiglas cages of 43 × 53 × 20 cm, with clean sawdust bedding) and were connected to the polygraph for the simultaneous recording of the EEG from the PFC and PC during 40 min. The EEG was recorded only when the males remain in an awake-quiet state. At the end of 40 min EEG recording, the male rats were desconected, and a receptive female rat was introduced to the recording cage with the aim that the male rat performs sexual interaction until M. A. GUEVARA ET AL.
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reach the first intromission of the second copulatory series.
Recording of the EEG Activity
For the recording of the EEG, the connection cable from the electrodes of the implanted rat was passed through a hole in the center of the top of a wire cage (73 × 57 × 61 cm), where the plexiglas recording cage was placed. This arrangement allowed the free movement of the rat within the recording cage while the EEG from PFC and PC of the left hemisphere were continuously recorded. The cable was connected to AC preamplifiers of a Grass 7B polygraph (band pass 3 -30 Hz), and their outputs were plugged to a PCL-812 analog to digital converter (Advantech, Co.), which operated as an interface to a microcomputer. The EEG signals were recorded at a sampling rate of 512 Hz during 2 sec EEG epochs and were calibrated with a pulse of 50 microvolts (μV) produced by the preamplifiers and delivered to a microcomputer as a reference to convert the output of the analog to digital converter to μV. The capture of the EEG signals corresponding to each one of the two different conditions (ethanol or saline administration) was performed by means of a board unit with eight on/off buttons that were connected to digital input lines of the analog to digital converter. Thus, the computational capture of several 2 sec segments of EEG corresponding to 40 minutes after the solution administration, during the awake quiet state, started when a specific button of the board unit was pressed; another button was pushed to finish the input of signals.
By means of specific computer programs [28] , the capture of the recording of the EEG signals from left PFC and PC was made in a precise temporal relation during the awake quiet state. Various EEG segments of 2 sec were captured in each condition (ethanol or saline) and were independently stored in files for off-line analysis.
EEG Analysis
EEG signals were carefully inspected before analysis and segments containing artifacts were discarded. At least 30 EEG segments of 2 sec from each subject during awake quiet state, in each condition (ethanol or saline) were analyzed. With the aim to obtain the degree of functional synchronization between PFC and PC of the left hemisphere, the intrahemispheric correlation was obtained in each band analyzed (4 -7, 8 -13 and 14 -30 Hz) by means of Pearson product-moment correlation coefficients.
Sexual Behavioral Testing Procedure
Immediately after finishing the 40-minute EEG recording, mating tests were performed. The following parameters of sexual behavior were registered: Mount and intromission latency (ML, IL), the time between introduction of the female and the first mount with pelvic thrusting and the first vaginal penetration, respectively; ejaculation latency (EL), the time between the first vaginal penetration (intromission) and ejaculation; postejaculatory interval (PEI), the time between ejaculation and the first intromission of the following series. The number of preejaculatory mounts (NM) and intromissions (NI) was also recorded. In addition, the intromission ratio (Hit Rate HR) (number of intromissions/(number of mounts + number of intromissions) was calculated. This ratio is supposed to reflect the motor and sensory efficiency of penile mechanisms essential for the achievement to vaginal penetration [1] . The mating test was ended at the end of the first postejaculatory interval or when the mount latency was larger than 120 sec.
Histology
At the end of each experiment, the animals were deeply anesthetized with sodium pentobarbital. Intracardial infusion of isotonic saline (0.9%) followed by 5.0% buffered paraformaldehyde solution fixed the brain, which was afterwards removed and stored in formalin for at least two weeks; 50 micron thick sections were made with a microtome and were stained with cresyl violet. The inspection under a stereoscopic microscope following the stereotaxic coordinates allowed the reconstruction of the path followed by the recording electrode. Only those recordings obtained from the prelimbic region of the PFC, and PC were included in the analysis of data.
Statistics
Statistical analysis was limited to 4 -30 Hz, since lower frequencies may include artifacts arising from cable movements. By means of the Student t test for correlated groups, the correlation values of the different frequency EEG bands were compared in the two conditions (ethanol or saline). For statistical purposes, correlation values were transformed to Fisher's Z-scores. Significance was set at p ≤ 0.05 (two-tailed). The sexual interaction parameters were also compared with the same Student t test for correlated groups.
Results
The tips of the electrodes were correctly placed in 9 of the 15 male rats; the PFC electrodes were unilaterally located between 3.7 and 3.2 mm anterior to bregma (in the prelimbic region of the PFC), while the PC electrodes were placed between −4.16 to −4.30 mm posterior to Bregma (Figure 1) . 
Intrahemispheric Correlation
In general terms was found that the administration of a low doses of ethanol was associated with a decrease in the synchronization degree between PFC and PC (intrahemispheric correlation) of the three EEG frequency bands analyzed, though statistical significance only was achieved in the fast frequency band (14 -30 Hz) (t = 2.063; p = 0.036) (Figure 2 ).
Sexual Behavior
The acute i.p. administration of low doses of ethanol was associated with an increase in the mount (t = −1.74; p = 0.042) and intromission (t = −1.97; p = 0.048) latencies ( Table 1 ). All other copulatory parameters (ejaculation latency, postejaculatory interval as well as number of mounts, intromissions and hit rate) showed similar values after ethanol or saline administration.
Discussion
The results of this study showed that a moderate ethanol dose decreased the degree of synchronization between prefrontal and parietal cortices and that this lower cortical coupling was also associated with an increased mount and intromission latency, without affecting the efficiency of the male rat sexual interaction. It is known that ethanol is a central nervous system depressant and that the prefrontal cortex is one of the cere- bral areas most sensitive to its effects. Furthermore, the important role that the prefrontal cortex plays in the processing of sexually relevant stimuli (such as odor and vocalizations emitted by a receptive female rat) has been reported [29] [30] [31] . In males rats, PFC injury and exposed to a receptive female, it induces an increase in the time required to initiate intercourse, but once initiated it, the male courtship behavior is normal [29, 32] . Other studies have shown the role of the prefrontal cortex in the motivational aspects of motor performance and sexual behavior [30, 32] and there is also evidence that this structure is involved in the processing of stimuli of potential incentives to generate sexual arousal and motivation (for a review, see [5] ). In studies with humans, it has been also demonstrated that ethanol affects the functioning of the prefrontal cortex, which has been suggested that it could interfere with the adequate processing of visual erotic stimuli [11] . Thus, it is likely that in this study the ethanol could affect the proper functioning of this cortical area, decreasing the degree of coupling or synchronization with the parietal cortex. Correlation data obtained in this work are also consistent with studies in humans, which have showed that immediately after the ethanol administration, the degree of EEG coupling between prefrontal and parietal cortices decreased [33] .
Schwartz and colleagues [34] have suggested that during the first 30 minutes, also called the absorption phase [ascending levels of blood ethanol concentration (BAC)], ethanol acts as a stimulant of the nervous system through processes of desinhibition. However, in the subsequent elimination phase (BAC descending levels), depressant and sedative effects are exerted. These authors also reported an increase in the alpha and beta EEG bands to- gether with a decreased activity of delta and theta bands during the ascending phase of BAC, whereas an inverse pattern (increase in delta and theta and decrease of alpha and beta bands) was observed during the BAC downward. In a study conducted in our laboratory [23] , we also found during the absorption phase an increase of the fast frequencies (13) (14) (15) (16) (17) (18) (19) (20) (21) in the Acc and VTA as well as a decreased interaccumbens correlation in the theta frequencies (4 -7 and 8 -12 Hz bands) after administration of a moderate dose of ethanol (0.75 g/kg). An EEG pattern of increased low-voltage fast frequencies has been traditionally associated with an activated state [35] , so this elevated EEG activity has been considered as an index of a state of arousal in animals and humans. Similarly, numerous studies have described irregular, low-voltage fast activity (from 12 to over 40 Hz) in the cortex under various behavioral situations of increased alertness [36] , or as a response to optimal sensory stimuli in animals and humans. The fact that in this study the lowest correlation was founded in the fast frequency bands may be associated with poor processing of sensory signals from the receptive female rat so that the male rats required more time to perceive it as a sexual reward, as can be determined by the increased mount and intromission latency. Mount and intromission latency are parameters that traditionally have been considered as indicators of sexual motivation. In the condition of ethanol, male rats took longer to start intercourse than when they were treated with saline. Since the prefrontal cortex is involved in the proper processing of sexually relevant stimuli [5, 29] , it is likely that the effects of ethanol on the prefrontal and parietal interaction could be associated with a deficient processing of the stimuli emitted by the receptive female, thus delaying the induction of the sexual motivation state. These results agree well with the data reported by Agmo et al. [29] who showed that the prefrontal cortex lesion only affects the motivational component of sexual interaction, dramatically increasing the time it took male rats to initiate intercourse, but once started, it was executed appropriately, similar to what we obtained when male rats were treated with the administration of ethanol.
It is likely that the functional disconnection between the PFC and PC after the ethanol administration could be associated with the difficulty in discriminating incentive value of the sexual stimuli so that decreased the sexual motivation but not the performance of the copulatory parameters in the male rat. These findings may contribute to improving our understanding of the brain mechanisms that underlie ethanol's effects on the processing of sexual stimuli.
